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Abstract
The present work highlights the influence of lithology on crude oil and associated water quality in Palouge Field and its
surroundings within Melute Basin. The lithology and mineral composition of the well logs and petrographic studies in this study
indicate that the Palouge sandstone can be considered as an alternative reservoir rock in the basin. The Palouge Formation is
primarily composed of sandstone that contains quartz, feldspar (i.e., orthoclase, plagioclase (albite) minerals and illite, and calcite
cements. The quartz mineral is dominant followed by feldspar as the second most abundant mineral in this formation. The Palouge
Formation sandstones are classified (based on standard rock classification schemes) into sandstone, coarse sandstone and
feldspathic lithofacies. The results of petrographic analysis also indicate a continental block transitional source of the Palouge
Formation sandstones. Petrographically, the Palouge sandstones are poorly sorted and range from fine to coarse-grained and
contain high percentages of detrital quartz and feldspar-rich grains with a significant amount of rock fragments. Based on the
results of this study, the reservoir quality of the Palouge sandstone ranges between good to poor reservoir quality. The Palouge
Formation has sandstone and coarse sandstones that result in a good reservoir quality with a significant increase of the permeability
and intergranular porosity. This is attributed to the coarse-grained texture, high percentages of detrital quartz, slightly well sorted
texture and the low degree of matrix and cements.
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1. Introduction
Basement reservoirs can be of different types; fractured
granitic, fractured quartzite, and/or fractured Schist and
Gneiss. In the fractured basement reservoirs, hydrocarbon is
entrapped within the fractures network within the basement
rocks (Alaug et al., 2011). Porosity and permeability in
basement reservoirs are controlled by the fractures and not by
the rocks matrix as in the conventional reservoirs.
Hydrocarbon-hosted in fractured basement reservoir was
reported in many locations in Sudan since 2007 and the
Melute basin is one of those areas. Mapping and
characterization of faults and fractures in those areas are
important steps towards the quantification of hydrocarbon
potentiality in the region.
The Melute Basin is located to the south of CASZ. It is an
intra-continental Cretaceous-Tertiary rift basin formed due to
the strike-slip and associate pull-apart along the CASZ
(Guiraud and Maurin, 1992; McHargueet et al., 1992) during
the Early Cretaceous on the consolidated craton (Binks and
Fairhead, 1992; Guiraud and Maurin, 1992; Genik, 1993).
The basin appears to passive rifts generated by crustal
extensional and lithologic thinning (Wilson and Guriaud,
1992; Jorgensen and Bosworth, 1997). The Melute rift basin
extends across at least 33,000 km2, is up to 100km wide, over
310 km long and locally contains up to 10km of Cretaceous-
Tertiary sediments. It may coalesce southeastward and link up
with the Anza rift in Kenya. Based on the interpreted regional
Bouguer gravity and aeromagnetic data, six sub basins can be
identified: northern subbasin, eastern subbasin, central
Digno/Africa Journal of Geosciences, Vol. 02, No. 1 (2019), 33-41
34
subbasin, southern subbasin, western subbasin, eastern
subbasin and Central High. Three major episodes of
extensional tectonism are recognized in the Melute Basin:
‘‘Early Cretaceous’’, approximately 140–95 Ma; ‘‘Late
cretaceous’’, 95–65 Ma;‘‘Paleogene’’, 65–30M, similar to the
Muglad Basin (McHargue et al., 1992).
The recognition of three separate rifting episodes is based on
identification of three regional correlative depositional cycles
which are practically evident in the Melute Basin. Each cycle
boundary is regionally or locally expressed by an angular
separated by a regional unconformity from the underlying
Oligocene sequences, became more sandy throughout the
basin from Miocene to recent time. Half graben is the
dominant form of structure in the Melute Basin. The internal
deformation of the rift is characterized by domino-style faults.
The major boundary faults generally dip either to NEE or
SWW and the associated rotation of hanging-wall sediments
dip towards the fault plane. Dip angles of the boundary and
major faults vary from 301 to 601, and concentrated at 451.
Both planar and listric faults can be identified. The major
planar structures are typically basin bounding faults which
incorporate basement, these of course may sole out at depth,
perhaps on a mid-crustal detachment as postulated by
McHargue et al. (1992).
Seismic profiles show that volcanic and magmatic rocks
associated with the Late Cretaceous to Tertiary rifting are
lack in the northern Melute Basin. In the southern subbasin,
the volcanic rock distribution can be traced on seismic
profiles as a very strong event. Volcanic rocks have been
penetrated by several exploration wells; for example, Sobat-1,
Miyan-1, Agordeed-1, Nal-1 and Adar-1 (see Fig. 2). They
are mainly basalt of Senonian age, which has been confirmed
by the widely scattered volcanic outcrops in Sudan (Vail,
1989) and is of a similar age to the dolerite sill described
from the Muglad Basin (McHargue et al., 1992). The Early
and Late Cretaceous rifting resulted in the NWW–SEE
trending faults due to the strike-slip of CASZ, and the
Paleogene rifting generated the NW–SE trending faults and
structures under the NE–SW extensional stress field. Crude
oil is a complex mixture containing a large number of closely
related compounds, which controlled initially by the nature of
organic matter in the source rock. The relative amounts of
normal alkanes, isoprenoid, aromatics, and sulfur compounds,
are characteristic of the source and should be essentially for
all oils derived from a particular source rock.
Schull (1988) described Melute basin as a deep rift structure
filled by thick non-marine Mesozoic and Cenozoic sequences
related to the Central African Shear Zone (CASZ). Based on
geophysical investigations, geological interpretation and
palynological information obtained from boreholes (Dou et
al., 2007; Eisawi, 2008), the stratigraphic column for the
Melute Basin is summarized in (Fig. 1.) The nomination of
each formation is proposed for exploration purposes. The
formation thickness is laterally variable due to both lateral
facies changes and syn-sedimentary extensional faulting
(Salad Hersi et al., 2014).The Stratigraphic column (Fig. 1) of
the study area can be summarized as follows: • Quaternary
cover • Unconformity • Tertiary strata • Unconformity • Late
Cretaceous strata • Unconformity • Early Cretaceous strata.
The stratigraphic column in the Melute Basin can be divided
into four units separated by unconformities. These are: Lower
Cretaceous, Upper Cretaceous, Tertiary and Quaternary.
1.1 The Early Cretaceous Strata
Al-Gayger Formation lies uncomfortably on the Basement.
The lower interval of Al-Gayger Formation is composed
mainly of thin sandstones layers inter-bedded with thin clay
stones. The main sedimentary environment varied from
fluvial-deltaic to shallow lacustrine facies upwards. The
upper part consists of dark grey and black, thick shales with
inter-bedded thin sandstones (Hakimi et al., 2012). The main
sedimentary environment of the upper part is semi-deep and
deep-lacustrine facies. This formation is interpreted to have
been deposited under predominantly non-marine conditions
during the first rifting phase related to the opening of the
South Atlantic Ocean (Al-Matary, 2007).
1.2 The Late Cretaceous Strata
The late Cretaceous strata in the Melute basin is represent by
three formations; Al-Renk, Galhak and Melute respectively.
The Al-Renk Formation lies unconformably on Al Gayger
Formation. Galhak Formation is characterized by the
medium- to fine-grained sandstones and claystones. The
proposed depositional settings are interpreted to have once
dominated by fluvial conditions with brief, periodic phases of
lacustrine conditions during the second phase of rifting (Al-
Matary, 2003).
1.3 The Tertiary Strata
The Paleocene lies unconformably on the Late Cretaceous.
The Samma Formation is composed of thick coarse- to
medium-grained sandstones with interbedded thin claystones
which were deposited in progressive braided delta, marginal
and shallow lacustrine environments (Al-Wosabi et al.,
2006).
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1.4 The Quaternary Strata
Daga Formation is composed of sandstones in the eastern and
central parts of the basin and claystones and interbedded
siltstones in the northern and southern parts of the basin. The
Daga Formation is interpreted to be deposited in floodplain
with humid type vegetation (Alaug et al., 2011; Hakimi et al.,
2015).
Fig. 1. Generalized stratigraphic column for the Melute Basin,
showing position of producing reservoirs, source rocks, and
seals. There are three rifting cycles, such as Early Cretaceous,
Later Cretaceous and Paleogene. The main source rock was
deposited during the first syn-rift stage. The commercial oils
have been found in the Paleogene and Upper Cretaceous
formations (modified after Dou et al., 2007).
2. Geology of the Study Area
The Melute Basin is characterized by flat plains. This plain
area is underlain and surrounded by regionally
metamorphosed Precambrian and Paleozoic rocks and minor
(syn-late- to post-tectonic) Mesozoic/Cenozoic intrusive and
extrusive igneous rocks (Al-Wosabi et al., 2006). These rocks
are exposed in the northwest and the northeast of the study
area in the Nuba Mountains and Ingessana Hills, respectively
(GRAS, 2005). The surrounding basement terrains represent
the source area for the sediments filling the Meluet Basin
(Schull, 1988). The basement rocks around Melute basin is
predominantly of Precambrian metamorphic rock with limited
occurrences of intrusive igneous
The main objective of this study is to characterize the
components of the rocks within the basement reservoir in
Palouge area, Melute basin. The aim of this study is to better
understand those components origin, distribution and
connectivity.
3. Materials and Methods
Data from 3 wells (Luil 1, Fal.1, Fal. 2) were collected from
Palouge oilfield in the Melute-basin, were analyzed for
reservoir quality and the feasibility of a petroleum
accumulation in the clastic reservoir rocks from the Paloue
Formation (Al-Matary, 2007). The well log data for five wells
(Fal-1.Fe-25.Pal-2) and core samples from two exploration
wells (Luil.1 and Fal.2) were used to perform detailed
petrographic and petrophysical analyses (Hussein et al., 2012)
including well log interpretation, cross plots, powder X-ray
diffraction (XRD), conventional core analysis, and thin
section microscopy. The petrographic and petrophysical
analyses were conducted by multiple laboratories and
research centers, and made available through the Petroleum
Exploration and Production Authority (Al-Areeq, et al.,
2018).
Fifty four (54) core samples from the Palouge Field sandstone
reservoir rock in the two exploration wells (Lil 1 and Fal.2)
were selected for conventional core analysis and were
performed reservoir property studies such as whole rock
(Jadoon et al., 2016). The selected eighteen whole core
samples were subsequently finely ground and analyzed using
powder X-ray diffraction (XRD) to quantify the mineral
composition. The XRD analysis was performed on the
powdered sample using X-ray diffractometer. This method
provides a fast and reliable tool for routine mineral
identification, quantifying mineral and clay fractions, and the
interference clay volume.
3.1 Analytical Procedures
Rock samples underwent petrographic and chemical analyses.
Petrographic analyses consisted of observations of rock thin
sections under the polarizing microscope in order to identify
the mineralogical assemblages. Rock chemical analyses for
gneiss and granite have been reported in (Petford, and
McCaffrey, 2003). Only the chemical analysis of amphibolite
was performed in the framework of this study. Samples were
pulverized to obtain a homogeneous powder out of which 50–
60 g was used for the analyses. Chemical analyses were done
using the pulp at ALS Minerals Global Group, Vancouver
(Canada). Whole-rock analyses for major elements were done
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by Inductively Coupled Plasma-Atomic Emission (ICP-AES).
Loss on ignition (LOI) was determined by weight difference
after ignition at 1000c.
4. Results and discussions
4.1 Reservoir lithologies
The reservoir lithology assessment is important to determine
and predict the rock properties; thus, it is significant for
predicting the reservoir behavior and hydrocarbon production.
The Palouge Formation at different well locations in this
study is represented by a Depth in Fal-2 (1213–1236m) and
(911-1227m) in Luil 1, thick sequence (Table 1) and (Table
2). Through this study, thorough investigations have been
conducted to identify the lithology and mineral compositions
of the Palouge Formation based on integrating thin section,
XRD, core and well log data.
The quantitative analysis of the Palouge Formation lithology
and mineral compositions conducted using well logs coupled
with X-ray diffraction (XRD) and thin section microscopy
analyses. The XRD method is fast and reliable to identify the
mineralogy of the reservoir formation. According to the XRD
results in wells Lil.1 and Fal-2, the sandstone samples from
the Palouge Formation primarily consist of quartz as the
dominant mineral and feldspars (K- feldspar and plagioclase),
with average values of 51–92% and ∼3,20–14.03%,
respectively.
The high feldspar concentrations are due to a low degree of
chemical maturity after the diagenesis process (Pettijohn et
al., 1987). However, carbonates are also present as calcite and
siderite minerals as shown by XRD (Table. 2) and
petrographic results at relatively high concentrations with
average values of (0.37-2.4%) and (0.47-48.81%),
respectively . The XRD results also indicated that the Palouge
clastic rocks have clay and mica minerals with an average
value of (1.13-2.53%).
The mineral composition of the Palouge sandstone samples
are further defined using thin section microscopy. Thin
section analysis provides optical evidence to identify the
minerals types, porosity system, grain distribution, and rock
texture at the micro-scale. A brief description of the
sandstone petrography from the Palouge Formation is given
below and representative photomicrographs are shown in
(Table 1, Table 2 and Plate 1). Thin section microscopy
reveals the presence of quartz, feldspar, rock fragments, and
authigenic cements such as carbonate (calcite and siderite)
and clay minerals in the Palouge Formation sandstones (Table
1).
The volume of quartz and feldspar minerals is high and
ranges from 27 to 92% and 2.51–14.3%, respectively. The
relatively less feldspar of less than 20% suggests that the
Palouge sandstones are classified as subarkoses and
sublitharenites sandstones based on the Q-F-L ternary
diagram defined by Folk (1968) for the relative percentages
of three compounds (quartz, feldspar and rock fragments).
Using the Folk (1968) ternary diagram, the majority of the
analyzed Palouge sandstones plot in the subarkoses and
sublitharenites field were classified. The classification of the
sandstones using the relative percentages of three compounds
(quartz, feldspar and rock fragments) also used to unravel the
provenance of the sediments (Dickinson, 1985). This is an
important method in differentiating sandstones from major
tectonic area (Dickinson, 1985).
Based on the results of petrographic analysis, the Palouge
sandstones were sourced from a continental block
transitional. This area is characterized with relatively high
relief basement close to rifts which makes the weathered
product experience series of erosion and transportation for a
long distance before being deposited in an extensional and
pull-apart basin (Dickinson, 1985). Thin-section petrography
also shows that the Palouge sandstones are characterized by
fine to coarse-grained, angular to sub-angular grains and
generally poorly sorted siliciclastic sandstone. The grain
contact types in the Palouge sandstones are primarily sutures.
The intergranular porosity has a coarse-grained texture. The
presence of significant of matrix and cements (carbonate and
clay) were reduced the porosity and permeability in this
reservoir. Nevertheless, there is secondary porosity observed
in the Palouge Formation sandstones, which is formed by the
partial to complete dissolution of unstable feldspar grains.
There is evidence of dissolution; including corrosive grain
contacts.
The primary reservoirs of the Melute Basin are the Paleogene
and Upper Cretaceous sandstones where commercial oil flows
have been tested from. The crystalline and metamorphic rock
basement of lower relief after long period and more intense
weathering before Cretaceous decided the quartz contribution
to the sandstones in the Melute Basin (Fig. 1) is much higher
than those of active basins in East China, such as Bohai Bay
and Songliao Basin (Hu et al., 1991; Kuykendall et al., 2003).
And the sandstones exhibit good reservoir quality (porosity
and permeability) at depths in the Melute Basin. Nonetheless,
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the difference of locations and tectonic evolution history
resulted in the major pay zones and features changes with
time and space in Sudan. The major pay zones in the Muglad
basin are the Bentiu Formation of the Lower Cretaceous, the
shales of the Aredeiba Formation deposited during the second
rifting episode provide good regional seal for the underlying
Bentiu Formation (Schull, 1988; Giedt, 1990; Tong et al.,
2004). In the Melute Basin, about 95% of oil reserves are
accumulated in the Yabus and Samma sandstones (Dou,
2004). The relatively weak rifting episode during the Late
Cretaceous resulted in the sand-dominant sediments; no thick
shale’s can provide good regional seal within the Cretaceous
strata. As a result, oil and gas generated and expelled from the
Lower Cretaceous Al Gayger source rocks migrated to and
accumulated in the Yabus and Samma sandstones.







Full view. The rock is loose. The intergranular pores are 100-200μm in size throats 10-20μm,
the connectivity is good.
2 Intergranular vermiform kaolinite.
3 Dissolved pores in felaspar are filled by kaolinite.
4 Pores and throats are connected well. And shows the flowing routine of oil.
5 Sylvite and flaky Kaolinite are on surface of grains.
6 Intergranular pores are filled by Sylvite and wermformKaolinite.
7 1218.9 sandstone
Full view. The rock is loose. The intergranular pores are 100-400μm in size, and throats 10-
50μm, which shows a good connectivity.
8 Mass vermiform and flaky kaolinite on surface of grains.
9 Dissolved pores in feldspar are filled by kaolinite.
10 Clay on the surface of pores is dyed by oil.
11 Mass vermiform kaolinite in the intergranular pores.
12
Dissolved pores on surface of grain are filled with vermiform kaolinite. The quartz overgrowth
is up to second to third grade.
13 1221.04 sandstone
Full view. The rock is loose. The intergranular pores are 50-100μm in size, and throats about
10μm, which shows a fair connectivity.
14 Mass vermiform kaolinite in intergranular pores. The quartz overgrowth is up to 3rd grade.
15
Dissolved pores on surface of grains are filled by flaky kaolinite. The quartz overgrowth is up to
3rd grade.
16 Intergranular pores are filled by flaky kaolinite. Quartz over growth.
17 Flaky and flocculent I/S mixed layer on surface of grains.




Full view. The rock is loose. The intergranular pores are 100-300μm in size, with throats 10-
50μm, which shows a good connectivity.
20 Mass vermiform kaolinite in Intergranular pores with diameter of 15μ±.
21 Mass vermiform kaolinite in Intergranular pores with diameter of 5μ±.
22 Dissolved pores in leaching feldspar are filled by kaolinite.
23 Clay on the surface of pores dyed by oil. The quartz overgrowth is up to 3 rd grade.
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Full view. The rock is loose. The intergranular pores are 100-200μm in size, and throats 10-
30μm, which shows a good connectivity.
26
Intergranular pore are filled by mass coarse and fine crystals of kaolinite. The quartz
overgrowth is up to 3 rd.
27 Clay on the surface of grains is dyed by oil (dark).
28 Intergranular pores are filled by vermiform kaolinite.
29 Leaching feldspar. The width of fracture in grains is 5-10μm.
30
The quartz overgrowth is up to 3rd grade. The intergranular pores are filled by vermiform
kaolinite and round rutile.
31 1236.58 sandstone
Full view. The rock is loose. The intergranular pores are 100-200μm in size, throats 5-20μm,
which shows a good connectivity.
32 Intergranular pores are filled by mass vermiform kaolinite.
33 Intergranular pores are filled by vermiform kaolinite, strawberry-like pyrite blocky sylvite.
34 Quartz overgrowth is up to 3 rd grade. Intergranular pores are filled by kaolinite and flaky I/S.
35 Feldspar is dissolved to form kaolinite.
36 Dissolved pores in leaching feldspar are filled by kaolinite and sylvite.
Table (2): Whole Rock Descriptions Well Luil 1
Depth Illite+Mica Kaolinite Chlorite Quartz K Feldspar Plagioclase Calcite Dolomite Siderite Pyrite Total
911.50 1.26 2.43 TR 82.06 10.12 0.85 2.40 0.89 0.00 0.00 100
1076.50 2.53 12.97 2.77 62.57 5.44 2.45 1.03 9.07 1.17 0.00 100
1103.50 3.51 21.97 2.78 55.51 10.06 0.00 1.12 1.39 3.67 0.00 100
1108.00 0.00 4.14 TR 84.40 2.92 0.00 0.00 7.02 1.52 0.00 100
1108.50 1.58 6.60 0.00 77.61 5.99 0.00 0.48 6.82 0.92 0.00 100
1110.50 2.19 19.44 0.00 59.25 10.19 0.00 0.70 4.86 3.37 0.00 100
1116.50 0.00 8.30 1.02 73.46 6.40 0.00 0.71 8.76 0.70 0.65 100
1123.50 1.65 15.44 1.54 51.25 14.03 0.00 0.86 14.34 0.90 0.00 100
1130.50 2.16 17.49 1.43 59.68 8.90 0.00 0.81 8.44 1.08 0.00 100
1133.50 1.90 16.81 2.73 64.09 9.78 0.00 0.82 1.12 2.16 0.59 100
1102.50 1.69 20.19 2.49 63.06 5.39 0.00 0.99 3.08 2.41 0.69 100
1160.00 1.13 7.32 0.47 81.48 6.49 0.00 0.47 1.69 0.56 0.38 100
1185.50 2.23 16.63 1.57 27.12 2.51 0.00 0.00 0.46 48.81 0.66 100
1189.00 0.00 14.53 0.87 74.78 7.48 0.00 0.62 0.82 0.91 0.00 100
1190.50 1.36 17.41 0.77 67.57 7.74 0.00 0.49 0.82 3.54 0.30 100
1193.50 0.00 7.93 1.15 82.90 6.04 0.00 0.69 0.76 0.52 0.00 100
1197.50 0.00 1.74 0.32 91.50 4.59 0.00 0.45 0.78 0.63 0.00 100
1227.50 0.00 3.44 0.35 92.08 3.20 0.00 0.37 0.56 0.00 0.00 100
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Plate (1). The above figures represent typical rocks films within Melute Basin reservoir.
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5. Conclusions
In summary, in this paper, the sandstones from the Melute
Basin Formation exposed in the Palouge oilfield were analyzed
using wire line and petrographic methods. The results of this
study indicate three primary lithofacies of arkose, sub-arkose
and feldspathic sandstones observed in the Palouge Formation.
The well log data cross plots coupled with X-ray diffraction
and thin section petrography analyses show that the Palouge
sandstones contain considerable amounts of quartz, orthoclase,
plagioclase (albite), illite, and calcite, which are deposited in a
shallow marine environment. Thin section microscopy also
indicates that the Palouge sandstones are poorly sorted, fine to
coarse-grained, and contain high percentages of detrital quartz
and feldspar-rich grains with a variable range of matrix and
cement contents. The dominant cements are identified as
carbonate and illite clay minerals. The Palouge Formation
contains arkosic and sub-arkosic sandstones with good
reservoir quality due to the coarse-grained texture, high
percentages of detrital quartz, slightly well sorted texture and
the low degree of matrix and cements. The slightly good
reservoir quality can also be explained by the increased
dissolution of unstable feldspar grains. In contrast, this
formation contains feldspathic sandstones with the pore space
occluding clayey groundmass, extensive carbonate
cementation, and poor sorting result in poor reservoir quality
with a significant reduction in the permeability and
intergranular porosity. The overlap between the water
saturation, clay volume and effective porosity results for the
five studied wells shows that the Palouge formation is a
potential oil-bearing reservoir without a gas cap or water
aquifer. Therefore, the Palouge formation is an alternative
reservoir rock (Alaug et al., 2011), for further stimulation
operations to improve oil productivity and development of the
Palouge oilfield in the basin.
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